The effect of various solubilizing agents on the release of the dextranase from whole Cytophaga bacteria or washed envelopes is described. Among the proteolytic enzymes tested, only x-chymotrypsin solubilized the dextranase very efficiently with retained enzymic activity even after prolonged exposure. Among the snake venoms tested, that of Hemachatus haemachates showed the highest selectivity and efficiency. Non-ionic detergents with hydrophilic-lipophilic balance values of about 13 to 15 also effectively and selectively solubilized the membrane-bound enzyme. Organic solvents, urea, guanidine hydrochloride, glycine, chaotropic ions, pH variations and mechanical disruption (including osmotic shock) were ineffective.
Milner, 1955) in 85 ml portions. The press was pre-cooled in ice. After incubation at 40 "C for 30 min (to hydrolyse DNA, as shown by a considerable decrease in viscosity), the homogenate was diluted with a half volume of buffer and was centrifuged in a Spinco preparative ultracentrifuge for 2 h at 42000 g using the ' 20 rotor'. The sediment, freed from a very small amount of densely packed undisrupted bacteria at the bottom, was washed four times with three volumes of the same buffer. The washed envelopes were kept at -35 "C until used.
Solubilization with enzymes and snake venoms. Trypsin, a-chymotrypsin and aminopeptidase were from Worthington, Freehold, New Jersey, U.S.A., papain and carboxypeptidase from Sigma, and lysozyme was from Miles-Seravac, Maidenhead, Berkshire. Bacillus subtilis proteinase was from Novo, Copenhagen, Denmark. Penicillium notaturn proteinase (Makonnen & Porath, I 968) and Arthrobacter proteinase (von Hofsten, van Kley & Eaker, 1965) were gifts from Dr G. Pettersson and Dr B. von Hofsten, respectively. The snake venoms (Table 3 ) were all purchased from Ross Allens Reptile Institute, Silver Springs, Florida, U.S.A., and bee venom from Koch-Light. Preliminary experiments were performed with 5 ml portions of envelope suspension in 0-1 M-tris-HCl buffer pH 7.6 incubated at 40 "C in Lusteroide centrifuge tubes. In the enzyme and the snake venom experiments the envelope concentrations were I 60 and 75 mg dry wt/ml, respectively. The enzyme concentration was I mg/ml and the incubation time 2 h. The venom concentration was 2 mg/ml and the incubation time 75 min. The incubation mixtures were cooled in ice and centrifuged at 30000g for I h in a refrigerated high speed centrifuge (Sorvall RC2-B). Dextranase activity was assayed in the initial suspension, in the ice-cold incubation mixture and in the supernatant. a-Chymotrypsin and Hemachatus haemachates venom were chosen to test the effect of various parameters such as pH, time, and concentrations of solubilizing agent and envelopes in detail.
Solubilization with surface active agents. The Tween, Brij and M yrj detergents are products of Atlas Chemical Industries, Wilmington, Delaware, U.S.A. and were a gift from Kemiintressen AB, Stockholm, Sweden. The Triton detergents are products of Rohm and Haas, Philadelphia, Pennsylvania, U.S.A., and were a gift from Chemacryl AB, Stockholm, Sweden. The Berol detergents were a gift from Modo-Kemi AB, Stenungsund, Sweden. Sodium dodecyl sulphate was obtained from Schuchardt, Munich, Germany. Cetyltrimethylammonium bromide and cetylpyridinium chloride were purchased from Kebo, Stockholm, Sweden. Preliminary experiments were performed with 26 different detergents (Table 2) .
Whole bacteria were treated with I % (w/v) detergent in 0.05 M-tris-HCl buffer pH 7.5 at 30 "C for 20 min in conical flasks on a rotatory shaker. Dextranase activity was measured in the initial suspension, in the incubation mixture and in the supernatant obtained after centrifuging at 30000 g for I h. Triton X-100 and Tween 20SD were subjected to more detailed studies concerning the effect of pH, ionic strength, time, temperature, and detergent and EDTA concentrations.
Eflect oforganic solvents. n-Butanol (reagent grade) was used at concentrations from I to 40 % (v/v) at 4 "C. Acetone powder was made by mixing one part of ice-cold envelope suspension with three parts of cold (-35 "C) acetone (reagent grade). (French & Milner, 1955) and the use of 0.1 mm glass beads in an Eppenbach colloid mill. In attempts to release the dextranase by osmotic shock (cold shock) the procedure described by Nossal & Heppel (1966) was used.
Enzyme assajl. Dextranase activity was assayed as described by Janson (1975) .
R E S U L T S
Preliminary analysis revealed that envelopes which had been extensively washed with buffer solutions and distilled water and lyophilized, contained 55 (w/w) protein, 40 "/o lipid (material extractable in acetone-alcohol, 50: 50, v/v), and 5 "/o carbohydrate (hexose + hexosamine). This result resembles the compositions of membranes from erythrocytes, microsomes and mitochondria rather than that of envelopes of other myxobacteria. For example, the composition of the envelopes of Cytophaga fermentans is: protein 75 to 85 (w/w), lipid I I %, and carbohydrate 7 (Collins, 1964) . This discrepancy in composition might be due to differences in both treatment of envelopes and in the analytical methods used for the estimates. To discover a procedure for the complete solubilization of the dextranase from the envelope membrane material, substances known to weaken bonds of various kind were used.
Electrostatic bonds The coulombic bonds are sensitive to changes in hydrogen ion concentration, to high ionic strengths and to the presence of substances with high dielectric constants. Incubation of envelopes in up to I M buffers at pH values from 3 to I I and in the presence of 2 M-glycjne at pH 6.0 did not liberate soluble dextranase.
Hydrophobic bonds
Most of the proteins in membranes are bound to phospholipids by hydrophobic bonds. According to the lipid-globular protein mosaic model of membrane structure (Singer & Nicolson, 1972 ) the proteins are partially imbedded in, and partially protruding from, the membrane. To effect solubilization of such proteins one has to disrupt the lipid-protein bonds with acetone, n-butanol and natural or synthetic detergents. Drying with acetone often facilitates extraction of enzymes from dispersions of whole tissues or cytoplasmic particles. However, attempts to obtain a dextranase-active acetone powder from the envelopes failed. n-Butanol has unique properties in dissociating lipid-protein and lipoprotein complexes (Morton, I 955). Single-phase extraction with different concentrations as well as two-phase extraction with 40 "/o n-butanol, the former method at different pH values and for various periods of time, failed to release dextranase, but often resulted in up to 50 "/o loss of enzyme activity. Two-phase extraction destroyed dextranase activity. Urea and guanidine-HC1 weaken hydrophobic bonds by increasing the solubility in water of the hydrophobic amino acid residues (Nozaki & Tanford, 1963; Hatefi & Hanstein, 1969) . Incubation with different concentrations of these chemicals at pH 6.0 and pH 8.5 did not solubilize the However, none of the chaotropic ions tested solubilized dextranase activity although at high concentrations it was destroyed. Natural detergents, such as sodium deoxycholate and sodium cholate, as well as synthetic cationic, anionic and non-ionic surface active agents, may all disrupt lipid-protein complexes or combine with lipoproteins or with proteins which are hydrophobic because of the presence of hydrophobic residues on their surface. Successful extractions of membrane enzymes with such compounds have been reported (Holowach et al. 1966; Neeman, Kahane & Razin, 1971 ; Kagawa, 1972) .
The results of solubilization experiments with several detergents are presented ( Table I ). The non-ionic surfactants are more suitable for the extraction of the dextranase than the ionic. The best results were obtained with alkyl aryl polyether alcohols and lauryl ether alcohols having hydrophilic-lipophilic balance (HLB) values around I 3 to 14. This often corresponded to about 10 mol ethyleneoxide in the polyethylene glycol chains. Sodium dodecyl sulphate, which completely solubilized the envelopes giving clear solutions, could not be used owing to the rapid decrease in enzyme activity on storage. Tween 20 SD (specially deodorized polyoxyethylene sorbitan monolaurate) has the advantage of being both mild to enzyme activity and having a low EZH,,. Efforts were therefore made to optimize the conditions for solubilization of the dextranase with this detergent. The best effect with Tween 20 SD was obtained when the envelopes or whole bacteria were extracted with 0.05 M-glycineNaOH buffer pH 9.0 containing I to 2 % (w/v) detergent, at 30 "C for 30 min ( Table 2 ). The most efficient detergent, Triton X-100, was chosen for a more detailed study. The following parameters were examined: pH, detergent concentration, ionic strength, EDTA concentration, incubation time, and temperature. The best solubilization was achieved at pH values between 7 and 9 (Fig. I) , and at concentrations of Triton X-roo around 2 "/o (w/v) or higher (Fig. 2 ) . Contrary to the report of Tzagoloff & Penefsky (1971) no significant variation in solubilization effect was found when different buffers at concentrations from 0.02 to I M were used. Metal ions such as Mg2+ are believed to take part in the structural organization of membranes (Razin, 1972) . Thus I I % of the proteins in Acho/ep/asma Zaidlawii membranes were solubilized by treatment with EDTA (Neeman et al. 1971) . However, no dextranase activity was solubilized from C. johnsonii membranes with up to 0.05 M-EDTA at pH 8-0 and 9.0. The period of incubation with Triton X-IOO required for maximum solubilization varied both with temperature and concentration of envelopes/bacteria. At 30 "C the maximum value was reached in a few minutes on a shaking water bath. Even at room temperature ( I 8 "C) the envelope concentration markedly influenced the solubilization time (Fig. 3) .
Mechanical disruption and osmotic shock All the disintegration techniques tested caused disruption and diminished the size of the membrane particles to a greater or lesser extent. Sonic oscillation produced homogenates which were extremely difficult to centrifuge. The maroon-coloured membrane particles formed density gradients in the centrifuge tubes, and measurements of dextranase on samples withdrawn from increasing depths of the supernatants showed a clear correlation between the enzyme activity and membrane concentration (colour). Thus the apparent solubilization by mechanical disruption could always be ascribed to inadequate centrifugation. Likewise, osmotic shock and cold shock performed as described by Nossal & Heppel (1966) did not release any dextranase activity which could not be attributed to the presence of membranes.
Solubilization with enzymes and snake venoms
Snake venoms are rich sources of hydrolytic enzymes and seven of nine snake venoms released the dextranase activity from the envelopes more or less completely (Table 3) . One difference in the mechanism was observed: venoms of members of the order Elapidae did not attack the rest of the envelopes as much as venoms of members of the orders Crotalidac. and Viperidae. To investigate the cause of the solubilization with the snake venoms, they were all submitted to fractionation by gel filtration on Sephadex G-75. The fractions obtained were then assayed for dextranase releasing, proteolytic (caseinolytic) and esterase (/I-naphthylacetate) activities. Without exception, the two former activities coincided in the chromatograms. The elapid venoms examined contained very small amounts of proteolytic activity, but nevertheless they very effectively solubilized the dextranase, especially the venom of Hemachatus haemachates. Further fractionation on Sephadex G-IOO and hydroxyapatite of the Hemachatus venom showed that the dextranase-releasing activity was coupled with neither the caseinolytic nor the /I-naphthylacetase (esterase) activities. Phospholipase activity was not assayed. FrykIund & Eaker (1973) showed that the venom of Hemachatus haemachates contains 25 96 'lytic factor' (mol. wt 7000) and a phospholipase with a molecular weight of 14000.
All of the proteolytic enzymes listed in Table 3 , which were able to liberate the dextranase, solubilized up to 75 % of the envelope. a-Chymotrypsin was chosen for further studies because of its effectiveness, its properties of restoring dextranase activity, its availability and purity, and the ease with which it could be withdrawn in the subsequent methods of separation. To find the optimum conditions for preparative solubilization of the dextranase by a-chymotrypsin, the effect of pH (Fig. 4) and chymotrypsin concentration (Fig. 5) was studied. Owing to the high stability of the dextranase activity in the presence of achymotrypsin, an incubation temperature of up to 40 "C could be used for several hours. However, since autodigestion of 3-chymotrypsin is considerable at the pH used for dextranase solubilization, a temperature of 30 "C was chosen for most of the experiments.
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D I S C U S S I O N
Several kinds of interactions are possible between an attached enzyme and the membrane. Covalent bonds may be involved, by forming the basis for hydrophobic interactions through residues such as phosphatidylserine or by creating limited but adequate areas of hydrophobic amino acid residues on the surface of the protein molecule. Coulombic bonds may also play a role; for example, magnesium ion is known to aid complex formation between proteins and phospholipids (Penefsky & Tzagoloff, 1971) . A combination of two or more different bond types is of course also possible and may cause problems when trying to interpret the experimental data. The results presented in this paper show that the dextranase of C. johnsonii can be classified as an integral protein according to the nomenclature of Singer The following buffers were used (0.05 M): acetate, pH 3.6 to 5 . 2 ; phosphate, pH 5.75 to 6.8; tris-HC1 pH 7.5 to 9.1. Chymotrypsin was added at 2.85 ,ug/mg envelopes. Incubation for 2 h at 30 "C. 0 , Activity of suspensions before addition of a-chymotrypsin; 0, activity in supernatant after incubation and centrifugation. Activities are expressed as percentages of maximal. Fig. 5 . Solubilization of dextranase from washed envelopes at increasing a-chymotrypsin concentrations. Envelope concentration 50 mg dry wt/ml in 0.05 M-tris-HCI pH 7.9. Incubation 2 h at 30 "C in 5 ml Lusteroide centrifuge tubes. Centrifugation I h at 37000 g . Dextranase activity was assayed in initial suspension, in the incubate and in the supernatants. The results are expressed as percentages of the activity in the initial suspension. The a-chymotrypsin concentrations of 17,40,80, 160 and 320, in ,ug/ml, correspond to concentrations of 0.34,0.8, 1-6, 3-2 and 6.4 pg/mg envelopes, respectively.
